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(57) Abstract 



The invention relates to primers and a method of detecting human papilloma virus (HPV) genotypes by means of the Po- 
lymerase Chain Reaction (PCR). The invention provides such primers and such PCR conditions that in principle any genital 
HPV genotype is detected. The general primers according to the invention consist of an oligonucleotide which comprises at the 3' 
end one of the sequences (I), or a sequence which is homologous to one of these four sequences as to at least 75 H. In order to 
obtain amplification even in the case of a limited number of mismatches, in the PCR a relatively low annealing temperature of 
30-50 °C and a relatively high Mg : ^ concentration of 2-10 m\l are used. The invention enables a sensitive and reliable prese- 
lection of samples to be examined, such as cervical smears. 
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Title: Primers and process for detecting human papillomavirus 
genotypes by PCR. 



The invention relates to primers and primer pairs -for use 
in a polymerase chain reaction (PCR) for amplification of DNA 
of genital human papillomavirus (HPV) genotypes. The invention 
also relates to a method for amplification of genital HPV DNA 
5 and a method of analysing a sample, such as a cervical smear, 
for the presence of genital HPV genotypes . 

At present, testing for cervical carcinoma and pre-stages 
thereof is mostly done by the detection of morphologically 
abnormal cells in cell smears of the cervix. This involves 
10 staining of smears by means of the Papanicoloau technique. By 
means of a light microscope, the pathologist detects 
premalignant and malignant cells. Then morphologically 
abnormal cells are classified into PAP classes I-V according 
to the severity of the cell lesion. With PAP I, only normal 
15 cells are found, while with PAP V, actual cancer cells are 
observed. This cytomorphological method, however, has some 
inherent disadvantages. In addition to great inter-observer 
variations, abnormal cells may be missed by "sample error" or 
by the microscopist . Furthermore, the PAP III class poses many 
20 problems as regards the gynaecological policy to be followed. 
With PAP III, which is found quite frequently, cancer may 
develop in the course of time, but persistence or regression 
to the normal condition may also occur. For this reason, 
therefore, there is a great need for better prognostic markers 
25 for cervical carcinoma . 

In recent years, a great deal of research has been done 
into the causes of cervical carcinoma . This has revealed in 
particular the implication of the sexually transmittable human 
papillomavirus (HPV) . To date, 24 types of this virus have 
30 been associated with lesions of the cervical mucosa. The 

distinction between these HPV types is based on a difference 
in the base-sequence of the HPV DNA. Broadly, a 50% difference 
in base-sequence has been found to exist between the various 
HPV types. Studies have shown that the HPV types 6 and 11 are 
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found in particular in benign genital lesions such as genital 
verrucae and in normal to mild dysplastic smears . These are 
called "low-risk" HPV types. HPV types 16 and 18 in particular 
and to a lesser extent 31, 33 and 35 occur in severely 
5 dysplastic and "malignant" cervical smears (PAP Ilia and 

higher) and are accordingly called "high-risk" HPV types. As 
yet, fairly little is known about the other 18 genital HPV 
types. It looks like the early detection of the various HPVs 
in cervical smears may in the future be an important 

10 prognostic factor in predicting the biological behaviour of 
cervical cells. 

At present, there are various methods to determine the 
various human papillomavirus genotypes. The most sensitive 
method is the polymerase chain reaction (PCR) , sometimes 

15 referred to as DNA amplification method, which in principle is 
capable of detecting one HPV DNA molecule in a smear. In this 
method, to a clinical sample (in this case a cervical smear), 
after an isolation of the DNA present therein (or in the case 
of the present invention, optionally after a short 

20 pretreatment ) under specific conditions, 2 small synthetic 
pieces of single-stranded DNA, whose base-sequence is 
complementary to a part of one of the two strands of a given 
HPV genotype, are added. These DNA pieces, called primers, in 
virtue of their base-sequence, flank one HPV type-specific DNA 

25 fragment (the target DNA) of some 100 to 500 bases, in such a 
way that the enzyme Taq DNA polymerase present in the reaction 
mixture starts on the two primers and synthesizes the two 
strands in overlapping direction. The product obtained is 
called "amplimer" . The procedure in which the target is 

30 synthesized once is called a cycle. Such a HPV-specific cycle 
comprises three steps, each taking place at a different 
temperature: the HPV target DNA is denatured at 94°C (1 min) , 
followed by a primer annealing step at 58°C (2 min) and 
polymerization at 72°C (1.5 min). By repeating such a cycle 

35 30-40 times, the number of amplimers increases by a factor 
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230-40 f so that an amount of HPV type-specific DNA of the order 
of nanograms is produced. 

This method, however, also has a number of disadvantages, 
namely : 

5 a) Due to its high sensitivity, there is a great chance that 
false-positive results are obtained. Various forms of 
contamination in particular play a role here. However, by a 
physical separation of the various amplification steps, 
special primer choice, use of special pipets and strict 

10 laboratory discipline, the contamination problem can be 

strongly reduced. See in this connection for example Van den 
Brule et al., 1989, the contents of which are incorporated 
herein by reference; in this article special primers are 
proposed which reduce the contamination problem, 

15 b) With the PCR method, only HPV types can be detected for 
which primers are available, which means that the DNA base- 
sequence has to be known. At the moment, the DNA base-sequence 
is known only of the genital HPV types 6, 11, 16, 18, 31 and 
33. Detecting non-sequenced HPV types is an awkward problem 

20 which is directly associated with the principle of the 

amplification method itself. The PCR method is in principle 
successful only when it is performed with two HPV genotype- 
specific primers (TS-PCR) . Each HPV genotype has its own 
specific primers. 

25 The primers are mostly selected using matrix-analysis 

computer programs, the search being for oligonucleotides 
(approximately 20 bases long) which are very specific for the 
various HPV genotypes. Investigations have shown that these 
specific sequences in the HPVs are located in all open reading 

30 frames (potential genes) . It is therefore fairly easy to 

select HPV type-specific primers and the HPV types 6, 11, 16, 
18, 31 and 33 can be detected through PCR fairly easily. As 
noted hereinabove, in Van den Brule et al . , 1989, primers are 
described which lead to a considerable reduction of the 

35 contamination risk, so-called anti-contamination primers. 

These are primers which flank the HPV cloning site of the HPV 
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plasmids used in the laboratory. On account of the fact that 
these plasmids are mostly cultured in great quantities, they 
form in principle an important source of contamination in the 
PCR, However, if primers are used which flank the cloning site 
5 and hence are located at the two ends of the HPV insertion, 

the unintended presence of such plasmids in the PCR space will 
not be disturbing. 

Efficient and reliable screening for the genital HPV 
genotypes, however, should provide answers to the following 
10 two questions : 

1) Is there any HPV present in the sample (such as a smear)? 

2) What specific HPV genotypes occur in the sample? 

Since PCRs with HPV type-specific primers do not provide 
adequate answers to these two questions, ways have been 

15 searched for of using more general primers which would be 
capable of detecting a broad range of HPVs (multiple HPV 
genotypes) at the same time. Matrix analysis of all currently 
known HPV DNA sequences, however, does yield some regions in 
the HPV genome which occur in substantially all HPV genotypes, 

20 in particular in the two different genes El and LI, but it has 
turned out that no set of oligonucleotides of approximately 20 
base pairs can be found which occurs in all HPV genotypes 
whose sequence is known at this moment. Assuming that a 
successful PCR is wholly dependent on the availability of 

25 primers with perfect complementariness to their targets, it 
will be clear that special artifices are necessary to arrive 
at a general primer. 

Manos et al., 1989, have circumvented this problem by 
using as primers a complex mixture of oligonucleotides. The 

30 primers described by them are the primers MY11 and MY09: 

5 » -GCMCAGGGWCATAAYAATGG-3 1 and 5 ■ -CGTCCMARRGGAWACTGATC-3 1 , 
respectively . Because here M denotes both A and C, R both A 
and G, W both A and T and Y both C and T, each of these two 
primers consists of a mixture of different oligonucleotides. 
35 Thus, Manos et al. want to make sure that a primer pair 
suitable for each HPV genotype is present, i.e. with the 
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complete complementariness between primers and target DNA that 
is considered requisite. The necessity of synthesizing such 
primer mixtures is one conspicuous drawback of this approach. 
However, a more important drawback is that as a result of the 
5 use of a mixture, the concentration of the primers active for 
a given HPV type is considerably reduced, which causes a lower 
efficiency of the PCR. It has been found moreover that with 
these general primers a part of the existing HPV types are 
missed, in particular the important oncogenic type HPV- 18 . 

10 Gregoire et al., 1989, have chosen a different road, 

namely the use of primers which contain an inosine— base in 
sites of variation between the different HPV genotypes, which 
base does not interfere with the hybridization. In order to 
ensure nevertheless proper annealing and sufficient 

15 specificity at the same time, the primers must in practice be 
made longer than normal. These primers, too, leave yet to be 
desired as to their sensitivity. 

Neither artifice described hereinabove provides a truly 
satisfactory solution to the problem referred to. 

20 The present inventors have now found a solution that Is 

satisfactory. Counter to the existing conviction that a 
successful PCR is determined by an essentially perfect 
complementariness between the primers and their targets, the 
inventors have devised two sets of primers with which both the 

25 genital HPV types whose sequence is known and genital HPV 

types whose sequence is as yet unknown, can be detected and in 
which the inherent mismatches to a maximum of 4 bases are yet 
accepted in the PCR. For the new primer sets to operate 
properly, however, it is highly recommended that slightly 

30 modified PCR conditions are employed, compared with the 

standard PCR, particularly as regards the Mg 2+ concentration 
and the annealing temperature. 

In the first place the invention relates to a primer for 
use in a polymerase chain reaction (PCR) for amplifying DNA of 

35 genital human papillomavirus (HPV) genotypes, consisting of an 
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oligonucleotide which comprises at the 3 1 -end one of the 
following sequences : 
5 1 -TTTGTTACTGTGGTAGATAC-3 1 
5 1 -GAAAAATAAACTGTAAATCA-3 ' 
5 5 1 — TGGTACAATGGGCATATGAT-3 ' 
5 1 -AATGGCTTTTGGAATTTACA-3 ' 

or a sequence which is homologous to one of these four 
sequences as to at least 75% f preferably as to at least 90%. 
Primers according to the invention have a length of at 

10 least 20 bases or nucleotides . For practical reasons in 

particular, however, the primers will preferably not be longer 
than 40 nucleotides. The relatively shorter primers, such as 
those of exactly 20 bases, can be prepared more readily with a 
good yield; the relatively longer primers (i.e. primers with 

15 one of the sequences specified hereinabove at the 3 1 -end and 
an extension at the 5 '-end), on the other hand, prove to act 
more efficiently in the PCR. 

Preferred according to the invention is a primer for use 
in a PCR for amplifying DNA of genital HPV genotypes, 

20 consisting of an oligonucleotide of a length of 20-40 

nucleotides which comprises at the 3'-end one of the following 
sequences : 

5 i -TTTGTTACTGTGGTAGATAC-3 1 

5 f -GAAAAATAAACTGTAAATCA-3 1 
25 5 1 -TGGTACAATGGGCATATGAT-3 ' 

5 1 -AATGGCTTTTGGAATTTACA-3 1 . 

The sequences indicated hereinabove consist of 20 bases 

or nucleotides. As stated, the invention comprises the 

possibility that the primers have a length of exactly 20 bases 
30 and hence consist of these specific sequences. Such primers 

are one of the preferred embodiments according to the 

invention: they consist of one of the following 

oligonucleotides, exactly 20 nucleotides long: 

5 i -TTTGTTACTGTGGTAGATAC-3 1 (GPS) 
35 5 1 -GAAAAATAAACTGTAAATCA-3 1 (GP 6) 

5 1 -TGGTACAATGGGCATATGAT-3 1 (GPl) 
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5 ' -AATGGCTTTTGGAATTTACA-3 ' (GP2 ) 

However, the primers may be extended at the 5' end to 
include additional sequences. Preferred are particularly 
primers of a length of more than 20 nucleotides, which 
5 comprise one or more restriction enzyme recognition sequences 
at the 5 1 end. Some examples of such preferred primers 
according to the invention are the following 2 9-nucleot ide 
long oligonucleotides : 

5 '-ACAGGATCCTTTGTTACTGTGGTAGATAC-3 * (B-GP5) 
10 5 1 -ACAGGATCCGAAAAATAAACTGTAAATCA-3 ' (B-GP6) 
5 ' -ACAGAATCCTTTGTTACTGTGGTAGATAC-3 1 (E-GP5 ) 

5 ' -ACAGAATCCGAAAAATAAACTGTAAATCA-3 1 (E-GP6) 
5 1 -ACAAAGCTTTTTGTTACTGTGGTAGATAC-3 1 ( H-GP 5 ) 

5 * -ACAAAGCTTGAAAAATAAACTGTAAATCA-3 ' (H-GP 6) 

15 5 1 -ACAGGATCCTGGTACAATGGGCATATGAT-3 1 (B-GP1) 
5 1 -ACAGGATCC AATGGCTTTTGGAATTTACA-3 1 ( B-GP 2 ) 

5 1 -ACAGAATCCTGGTACAATGGGCATATGAT-3 1 (E-GP 1 ) 

5 ' -ACAGAATCCAATGGCTTTTGGAATTTACA-3 1 (E-GP 2 ) 

5 1 -ACAAAGCTTTGGTAC AATGGGCATATGAT-3 1 ( H-GP 1 ) 

20 5 1 -ACAAAGCTTAATGGCTTTTGGAATTTACA-3 1 (H-GP2 ) . 

In practice the primers are employed as pairs. One primer 
pair according to the invention described here consists of a 
first oligonucleotide which at the 3' end comprises the 
sequence 

25 5 ■ -TTTGTTACTGTGGTAGATAC-3 1 , or a sequence which is homologous 
to this sequence as to at least 75% (preferably at least 90%), 
and a second oligonucleotide which at the 3' end comprises the 
sequence 

5 1 -GAAAAATAAACTGTAAATCA-3 f , or a sequence which is homologous 
30 to this sequence as to at least 75% (preferably at least 90%) , 
or consists of a first oligonucleotide which at the 3' end 
comprises the sequence 

5 1 -TGGTACAATGGGCATATGAT-3 1 , or a sequence which is homologous 
to this sequence as to at least 75% (preferably at least 90%) 
35 and a second oligonucleotide which at the 3' end comprises the 
seouence 
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5 1 -AATGGCTTTTGGAATTTACA-3 f , or a sequence which is homologous 
to this sequence as to at least 75% (preferably at least 90%) . 

More particularly, according to the invention a primer 
pair is preferred which consists of 
5 a first, 20-40 nucleotide-long oligonucleotide which at the 3 1 
end comprises the sequence 5 ' -TTTGTTACTGTGGTAGATAC-3 1 , and 
a second, 20-40 nucleotide-long oligonucleotide which at the 
3' end comprises the sequence 5 1 -GAAAAATAAACTGTAAATCA-3 ! , or 
consists of 

10 a first, 20-40 nucleotide-long oligonucleotide which at the 3 1 
end comprises the sequence 5 1 -TGGTACAATGGGCATATGAT-3 1 , and 
a second, 20-40 nucleotide-long oligonucleotide which at the 
3 1 end comprises the sequence 5 f -AATGGCTTTTGGAATTTACA-3 1 . 

Particularly preferred is such a primer pair consisting 

15 either of the oligonucleotide pair 

5 i -TTTGTTACTGTGGTAGATAC-3 1 (GPS) , and 

5 1 -GAAAAATAAACTGT AAATC A- 3 1 ( GP 6 ) 

or of the oligonucleotide pair 

5 ? -TGGTACAATGGGCATATGAT-3 1 (GP1) , and 

20 5 1 -AATGGCTTTTGGAATTTACA-3 ' (GP2) . 

Further preferred are primer pairs in which each of the 
two oligonucleotides is more than 20 nucleotides long and 
comprises one or more restriction enzyme recognition sequences 
at the 5 1 end. As stated previously, it has been found that 

25 such primer pairs extended at the 5' end lead to a more 

efficient general primer (GP)-PCR. Examples of such primer 
pairs are the following oligonucleotide pairs: 
Res GP LI 

5 1 -ACAGGATCCTTTGTTACTGTGGTAGATAC-3 ' (B-GP5) , and 

30 5 ' -ACAGGATCCGAAAAATAAACTGTAAATCA-3 1 (B-GP6) ; 

5 1 -ACAGAATCCTTTGTTACTGTGGTAGATAC-3 1 ( E-GP 5 ) , and 

5 ' - AC AG AATC C G AAAAAT AAACT GT AAAT C A- 3 ' (E-GP 6) ; 

35 5 ' -ACAAAGCTTTTTGTTACTGTGGTAGATAC-3 ' (H-GP5) , and 

5 ' -ACAAAGCTTGAAAAATAAACTGTAAATCA-3 1 (H-GP6) ; 
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Res GP El 

5 ' -ACAGGATCCTGGTACAATGGGCATATGAT-3 1 
5 1 -ACAGGATCCAATGGCTTTTGGAATTTACA-3 1 

5 

5 1 -ACAGAATCCTGGTACAATGGGCATATGAT-3 ' 
5 1 -ACAGAATCCAATGGCTTTTGGAATTTACA-3 ' 

5 ' -ACAAAGCTTTGGTACAATGGGCATATGAT-3 » 

10 5 ' -ACAAAGCTTAATGGCTTTTGGAATTTACA-3 ' 

B denotes a Bam HI site, E denotes an Eco RI site, and H 
denotes a Hin dlll site. 

On the 5 1 side the primers can in principle be extended 
with all restriction sites known to date. The BamH I . Eco RI and 

15 Hin dlll sites have merely been chosen here by way of example 
because they are the most common cloning sites. 

These Res primers have an additional advantage in that 
the amplimers which are obtained in a Res GP-PCR can easily be 
cloned, for instance into the plasmid pBR322 and into plasmids 

20 derived therefrom, such as p. Gemini vectors. Thus the 

amplimers can be made suitable for conventional double- 
stranded sequencing (cloning capacity of 100 bp to several 
kb) . The amplimers can also be cloned into the phage M13 (mp 
18 and 19) for single-stranded sequencing (cloning capacity 

25 100-500 bp) . Owing to rapid developments in the field of 

sequencing techniques, direct sequencing of the amplimers is 
also one of the options . Direct sequencing of the amplimer 
products even seems to be the best identification for the 
viru£ . Res GP-PCR conditions are identical to the conditions 

30 described hereinbefore. With Res primers, the PCR products of 
HPV 13, 30, 32, 39, 45, 51 and seven as yet unknown HPVs have 
now successfully been analysed. 

The invention is further embodied in a method of 
analysing a sample, such as a cervical smear, for the presence 

35 therein of genital human papillomavirus (KPV) genotypes by 

amplifying any DNA of a genital HPV that may be present in the 
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sample by means of a polymerase chain reaction (PCR) and 
subsequently detecting it, using a primer 'pair according to 
the invention as defined hereinabove in the PCR. 

According to the invention, during the primer annealing 
5 step, preferably a temperature of 30-50°C is used, more 
preferably a temperature of 35-45°C, most preferably a 
temperature of 38-42°C. 

Further, according to the invention, preferably a Mg 2+ 
concentration of 2-10 mM is used, more preferably a magnesium 
10 ion (Mg 2+ ) concentration of 2.5-5 mM, most preferably of 
3 .0-4 . 0 mM. 

The optimum PCR conditions have been determined by means 
of tests in which some 14 different molecularly cloned HPV 
genotypes (pHPV la, 2a, 6b, 8, 11, 13, 16, 18, 30, 31, 32, 33, 

15 4 5, 51) and control pBR322 DNA were used as targets in the 
GP-PCR. The optimum results were obtained at an annealing 
temperature of 4 0°C (normally 5 8°C) and a Mg 2+ concentration of 
3.5 mM (normally 1.5 mM Mg 2+ ) . The use of these conditions is 
preferred because that removes the extreme sensitivity from 

20 the method (1 to 100 HPV DNA molecules per sample) • Thus a 
positive answer can be obtained to the question of the 
presence or absence of the biologically most important HPV 
types. False-negative results can thus be reduced to the very 
minimum. The conditions indicated (3.5 mM Mg 2+ and 40°C 

25 annealing temperature) are therefore highly recommendable as 
standard conditions in a mass screening for genital HPV types 
with the general HPV primers according to the invention. 

The new primer sets according to the invention enable the 
detection not only of the genital HPV types 6, 11, 16, 18, 31 

30 and 33, whose sequence is already known, but also of the HPV 

types 13, 30, 45 and 51 whose sequence is (as yet) unknown and 
in all probability also of new HPV types . 

Further, in view of the major importance of a screening 
for HPV genotypes in cervical smears, a general strategy for 

35 the screening of cervical smears has been set up, which is 
based on the use of HPV general primers according to the 
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invention in combination with the previously described HPV 
type-specific ant icontaminat ion primers. The procedure of this 
new-designed PCR strategy, which makes use of general primers 
and HPV genotype-specific ant icontaminat ion primers, is as 

5 follows. 

Pretreatment of cervica l smear 

Cervical smears are placed in 5 ml phosphate buffered 
saline (PBS) with 0.05% merthiolate . The cell suspension is 
centrifuged at 3000 rpm (for instance in a Hettich centrifuge) 
10 for 10 min. The cell pellet is washed once in PBS and finally 
resuspended in 1 ml PBS and preserved until use at -20°C. 

Experiments on a great number of smears, in which the 
results of a GP-PCR on frozen, thawed and boiled cell 
suspension were compared with the results of a GP-PCR on DNA 
15 which had been isolated from the same samples, revealed that 
the GP-PCR on samples which had undergone a 

freezing/thawing/boiling treatment yielded as much positivity 
as the GP-PCR on the isolated DNA. (See in this connection the 
articles by Van den Brule et al., 1990, the contents of which 

20 are considered incorporated herein by reference.) This has 

considerable consequences. The GP-PCR can be performed faster 
because the pretreatment steps associated with DNA extraction 
can be omitted. An even more important advantage is that the 
sample to sample contamination which is frequently encountered 

25 in DNA isolation of a larger series of samples, can be 
precluded. False-positive results are thereby avoided. 

The preparation of the samples for the PCR preferably 
comprises thawing 1 ml cell pellet, proper vortexing until a 
homogeneous suspension has been obtained, pipetting of 10 ]xl 

30 suspension (preferably with special pipets with replaceable 
plungers and pipet tips, such as the Microman type, Gilson, 
France), boiling for approx. 10 min in a closed vessel, 
centrif ugation of condensation (for instance in a Hettich 
centrifuge) and adding a GP-PCR reaction mixture. 
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Performing GP-PCR 

A total reaction mixture of 50 \il is prepared comprising 
10 \il cell suspension; 50 mM KC1; 10 mM Tris HC1 buffer 
pH 8.3; 0.01% (w/v) gelatin; 200 \}M of each dNTP; 3.5 mM MgCl2; 
5 50 pmol of a GP primer set according to the invention and 1 
unit Taq DNA polymerase. Then follow application of a film of 
paraffin oil (1 drop) and incubation for 5 min at 94°C for the 
initial DNA denaturat ion . Then 40 cycli are performed (in a 
PCR processor) comprising 1 min at 94°C (denaturation) , 2 min 
10 at 40°C (annealing), 1.5 min at 72°C (polymerization). The 
last polymerization step is allowed to continue for 4 more 
minutes . 

Analysis o f PCR reaction products 

After 40 cycli, 10 |il of the PCR mixture is analysed 

15 through agarose gel electrophoresis. After this 

electrophoresis, the DNA fragments are transferred to a nylon 
membrane (blotting) and hybridized with a general HPV probe. 
Such a general HPV probe may for instance consist of GP-PCR 
specific amplification products of cloned HPV 6, 11, 16, 18, 

20 31 and 33. These amplimers can be isolated from low-melting 
agarose, fused and labeled using for instance the standard 
labeling method of random primer labeling. The membranes are 
hybridized (overnight) at T m -33 . After washing with 3 x SSC, 
0.5% SDS at 55°C, follows autoradiography (performed 

25 overnight) . 

The GP-PCR positive and doubtfully positive (very weak 
signals) samples are now af terscreened with a HPV type- 
specific PCR using anticontamination primers to identify 
specific sequenced HPV genotypes. In the GP-PCR positive 

30 smears that still remain then, HPV types whose sequence is (as 
yet) unknown, or new HPV types may occur, which are assessed 
for instance through dot blot analysis. This last dot blot 
analysis will in the future be required less and less often 
according as more HPV types are sequenced and qualify for the 

35 type-specific (TS) PCR. 
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This new strategy allows a screening of smears with the 
most sensitive HPV detection method, wherein the problems 
attributable to contamination can be reduced to a minimum and 
a fast and reliable answer can be given to the question 
5 whether or not HPV is present in a smear. 

The invention will be further explained and illustrated 
in and by the following examples. 



EXAMPLES 

10 

pell cultures, tiss ue samples and HPV clones 

Use was made of the human cervical cancer cell lines 
CaSki, Siha, C4-1 and HeLa 229. The first two contain HPV type 
16, the other two contain HPV type 18 (Boshart et al., 1984; 

15 Schwarz et al., 1985; Yee et ah, 1985). The cells were grown 
in Dulbecco's modified Eagle's medium, supplemented with 10% 
foetal calf's serum. After growth to near-confluence, cells 
were harvested by trypsinisat ion, washed with phosphate- 
buffered saline, centrifuged and then resuspended in 1 mM 

20 Tris-HCl, 1 mM EDTA pH 7.5. 

Tissue samples of a laryngeal squamous-cell hyperplasia 
and a juvenile papilloma were retained after snap freezing 
until their use in liquid nitrogen. Their further treatr^nt 
and the DNA extraction were carried out in accordance with 

25 standard procedures (Walboomers et al., 1988). Cervical smears 
were treated in the way as described by Van den Brule et al., 
1989) . The presence of HPV DNA in these samples was determined 
by Southern blot hybridization and PCR with HPV types 6-, 11-, 
16-, 18- and 33-specific primers, as previously described (Van 

30 den Brule et al., 1989). 

DNAs of different HPV types, cloned into pBR322 or into 
pUC19 (pHPVs) were used as targets in a model system for an 
amplification controlled by general primers. In addition to a 
number of non-genital pHPVs the cloned genital HPV types 6b, 

35 11, 13, 16, 18, 30, 31, 32, 33, 39, 45 and 51 were used. 
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Polymerase chain reaction 

With a small modification, the PGR method described by 
Saiki et al . , 1988 was used. The PCR was performed on 1 ng DNA 
of cloned pHPVs or on 100-500 ng of cellular DNA. Further, 
5 also dilutions of different pHPV DNAs in 100 ng human placenta 
DNA or diluted Siha DNA were subjected to the PCR to determine 
the sensitivity of the assay. The reaction mixture of 50 p.1 
also contained 50 mM KC1, 10 mM Tris-HCl pH 8.3, 0.01% (w/v) 
gelatin, 200 \M of each dNTP, MgCl2 in a concentration of 

10 between 1.5 and 10 mM, 1 unit of a thermostable DNA polymerase 
( Thermus aquaticus , Cetus) and 50 pmol of each primer of the 
GP-5/GP-6 primer pair 5 ' -TTTGTTACTGTGGTAGATAC-3 1 (GPS) and 
5 1 -G AAAAATAAACTGTAAATC A- 3 1 ( GP 6 ) . 

The mixture was overlaid with several drops of paraffin 

15 oil and incubated for 5 minutes at 94°C for DNA denaturation, 
after which 40 cycli of amplification were performed using a 
PCR processor (Biomed) . Each cycle comprised a denaturation 
step of 1 min at 94°C, an annealing step of 2 min at 40°C and 
a chain-elongation step of 1.5 min at 72°C. To ensure the 

20 complete extension of the amplified DNA, each individual 

chain-elongation step was prolonged by 1 sec and the final 
chain-elongation step was prolonged by another 4 min. To 
prevent contamination by cloned pHPV DNA or PCR products, 
different steps, such as the preparations of samples and the 

25 amplification reactions, were conducted in strictly separated 
spaces. As negative controls, distilled water containing 
samples were used, none of which exhibited a successful 
amplification. Of each of the PCR mixtures, in the end a total 
of 10 M-l was analysed by agarose gel electrophoresis. 

30 

Southern blot analysis of PCR products 

Electrophoretically separated DNA fragments were 
transferred to nylon membranes (GeneScreen Plus, DuPont) by 
diffusion blotting in 0 . 5 M NaOH, 0.6 M NaCl . GP-5/GP-6 
35 controlled, HPV-specific PCR products were used as probes 

after labeling with 32 P according to the random priming method, 
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Hybridization was carried out at 65°C (T m -23°C, for high- 
stringent analysis) or 55°C <T m -33°C, for low-stringent 
analysis) in 0.5 M sodium phosphate pH 7.4, 7% SDS, 1 mM EDTA 
for 16 h. Then washing was done at high (T m ) stringency in 0 . 1 
5 x SSC (1 x SSC is 0.15 M NaCl and 0.015 M sodium citrate), 
0.5% SDS at 65°C and at low (T m -33°C) stringency in 3 x SSC, 
0.5% SDS at 56°C. Autoradiography was performed for one day at 
-70°C with Kodak Royal X-Omat film and intensifying screens. 

10 Restrict ion enzvme analysis 

Analysis of PCR products by treatment with restriction 
endonuclease was performed directly on a 10 jil sample of the 
reaction mixture, without prior purification and resuspension 
of the DNA in the recommended restriction buffer (Carman & 

15 Kidd, 1989) . 2 Units of fiaal (Boehringer) were added and 

allowed to take effect for 2 h at 37°C. The products obtained 
were analysed on composite gels of 3% NuSieve agarose (FMC 
Bioproducts) and 1% type 1 agarose (Sigma) in order to obtain 
proper separation of DNA fragments of low molecular weight. 

20 

not blot analysis 

For dot blot analysis, 1 jig pHPV DNA en pBR322 vector DNA 
were spotted onto nylon membranes (GeneScreen Plus; DuPont) . 
As probes HPV-specific amplification products of 140 to 150 bp 

25 were used. The fragments were elect rophoretically separated in 
low-melting agarose (Bio-Rad) , excised from the gel and 
directly labeled by random primed labeling. The hybridization 
was carried out under high stringency, as described 
hereinabove. Then washing was done at high stringency (T m ) 

30 till 0.1 x SSC, 0.5% SDS at 65°C. Autoradiography was carried 
out for a day at -70°C with intensifying screens. 



35 



Hnmputer analysis and primer synthesis 

All matrix, homology and restriction site analyses were 
performed with the Microgenie sequence analysis program 
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[GenBank (Release No. 54) , Beckman] developed by Queen & Korn, 
1984. 

The primers were synthesized on a DNA synthesizer 
(Applied Biosystems 380A) via the methoxy-phosphoramidite 
5 method. 

Results 

On the basis of the homology in parts of the El and LI 
open reading-frames, observed in a matrix comparison of HPV 
10 types whose sequence is known, two pairs of oligomers were 

designed which could be used as general primer. Table A below 
shows the extent of agreement of the primers GP-5 and GP-6 
with certain regions in the DNA (in the LI open reading-frame) 
of the various HPV types. 

15 

Table ft 



GP-5 5 ' - TTTGTTACTGTGG TAGATAC-3 1 number of mismatches 

HPV— 6b 0 

20 HPV-11 0 

HPV-16 T..T 2 

HPV-18 0 

HPV-31 0 

HPV-33 0 

25 

GP-6 5 1 — GAAAAATAAACTGTAAATCA — 3 ' number of mismatches 

HPV-6B T 1 

HPV-11 0 

HPV-16 0 

30 HPV-18 C 1 

HPV-31 . . . .T T 2 

HPV-33 C G. . . . 2 



In Table A the dots denote identical bases; mismatches 
35 are specified. The nucleotide positions of the first 
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nucleot ic 


Les of the sequences matching GP-5/GP-6 are 


as 




follows : 










HPV 


Nucleotide 


Reference 


Length of 


5 


Type 


Numbers 




Region 




HPV-6b 


6764/6902 


(Schwartz et al., 1983) 


139 bp 




HPV-11 


6749/6889 


(Dartmann et al . , 1986) 


139 bp 




HPV-16 


6624/6765 


(Seedorf et al., 1985) 


142 bp 


10 


HPV-18 


6600/6744 


(Cole & Danos, 1987) 


145 bp 




HPV-31 


6542/6683 


(Goldsborough et al., 1989) 


142 bp 




HPV-33 


6581/6719 


(Cole & Streeck, 1986) 


139 bp 




Table B shows the 


extent of agreement of the primers GP-1 


15 


and GP-2 


with certain 


regions in the DNA (in the El 


open 




reading frame) of the 


different HPV types. 






Table a 








20 


GP-1 
GP-2 


5 1 -TGGTACAATGGGCATATGAT-3 ' 
5 ' -AATGGCTTTTGGAATTTACA-3 ' 






HPV 


Number of Mismatches Nucleotide 


Length of 


25 


Type 


GP-1 


GP-2 Numbers 


Region 




HPV- 6b 


3 


2 1913/2356 


444 bp 




HPV-11 


2 


4 1913/2356 


444 bp 




HPV-16 


2 


1 1942/2385 


4 44 bp 




HPV-18 


1 


4 2013/2456 


4 44 bp 


30 


HPV-31 


1 


3 1890/2323 


4 44 bp 




HPV-33 


1 


3 1936/2379 


444 bp. 




The 


general primer pair GP-5/GP-6 was used in 


a PCR on 




1 ng DNA 


of different 


pHPVs, under mildly-stringent 


conditions 


35 


(3.5 mM 


Mg 2+ ) . The PCR products were detected by 






electrophoresis, UV-irradiat ion and ethidium bromide staining. 




The resu 


its (not shown) were that not only the HPV 


types 6b, 
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11, 16, 18, 31 and 33 with a sequence that is already known, 
but also the HPV types 13, 30, 32, 45 and 51, whose sequence 
is not as yet known, yielded PCR products of some 140 to 
150 bp. In the case of the non-genital HPV types la, 2a and 8, 
5 the primer pair GP-5/GP-6 did not lead to DNA amplification, 
nor in control DNA, consisting of Hin f I fragments of pBR322 . 
The PCR products were therefore HPV-specific and not the 
result of a cross-reaction with vector-sequences . In some 
cases also amplified DNA with lower (40 to 45 bp) and higher 

10 molecular weight was observed, namely in the case of HPV-18, 
HPV-30 and HPV-32 DNA. The smaller DNA fragments seem to have 
been formed by ligation and amplification of the primers. The 
larger DNA fragments were probably the result of primer 
annealing on further target sequences within the HPV genome. 

15 In order to determine the allowable number of mismatches 

between the primer sequences and the target DNA, the PCR was 
carried out under different stringent conditions by varying 
the Mg 2+ concentration, namely, 1.5, 2.5, 3.5 and 10 mM MgCl2 . 
The results (not shown here) were that 2 and 3 mismatches 

20 between primer and target DNA were accepted. The primer pair 
GP-5/GP-6 reacted with HPV-16 and HPV-33 under both high- 
stringent and low-stringent conditions. Partly on the evidence 
of a concurrently conducted investigation on general primers 
for non-genital HPVs, it became clear that 4 mismatches are 

25 also allowable if low-stringent conditions are employed. PCR 
with the primer pair GP-5/GP-6 on DNA of the genital HPV- 
type 30, whose sequence is as yet unknown, gave rise to weak 
signals, which became stronger under lower-stringent 
conditions. Low-stringent conditions (10 mM Mg 2+ ) in the 

30 annealing step, however, also led to an increase in co- 
amplified DNA fragments. 

The sensitivity of the GP-controlled PCR was determined 
by a study with different concentrations of pHPV DNA and Siha 
(HPV-16) DNA, diluted in human placenta DNA. The HPV-30 and 

35 HPV-33 DNA concentrations varied from 1 ng to 0.01 fg. Siha 
DNA, diluted in 100 ng human placenta DNA, was used in 
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quantities of 10 ng to 1 pg, Annealing was done under 
moderate-stringency conditions (3.5 mM Mg 2+ ) . Hybridization of 
Southern blots was done under high-stringent conditions with 
GP PCR-ampiif ied probes, specific for the HPV type in question 
5 (HPV in the case of Siha DNA) . The results (not shown here) 
were that for pHPVs, which exhibited up to 3 mismatches with 
the primers, a detection level, as determined after 
hybridization of the PCR products with a GP-amplified 
homologous DNA probe, of 0 . 1 to 1 f g DNA was found, which 

10 corresponds with approx. 7 to 70 viral genomes. For HPV-30 a 
detection level between 10 fg and 1 pg pHPV DNA was 
determined, corresponding with some 700 to 70,000 viral 
copies. Siha DNA could already be detected at 10 pg. Assuming 
that Siha cells contain 1-10 copies of HPV-16 DNA per genome 

15 and that a human diploid cell contains approx. 5 pg DNA, it 
can be derived from this that 2 to 20 copies of HPV-16 could 
be detected. 

The type specificity of the PCR was determined by dot 
blot analysis. For this purpose, PCR products obtained with 

20 the primer pair GP-5/GP-6, of some 140 to 150 bp were 
isolated, labelled and hybridized under high-stringent 
conditions against a panel of pHPV DNA dots. The results (not 
shown here) showed that the PCR products were type-specific 
and did not result from contamination with other HPV types. 

25 Further analysis by treatment with the restriction enzyme Rsal 
confirmed the specificity of the PCR. 

Using the primer pair GP-5/GP-6 the GP-PCR was also 
analysed for DNAs of cervical cancer cell lines, cervical 
smears and laryngeal lesions, which were well characterized by 

30 Southern blot analysis and PCR with HPV type-specific primers 
(Van den Brule et al., 1°89) . The PCR products were visualized 
both by electrophoresis, UV-irradiation and ethidium bromide 
staining, and by blotting and hybridization under low- 
stringent conditions with an amplified HPV type 16-specific 

35 PCR product. The results (not shown here) were that after 

agarose gel electrophoresis in most cases several bands could 
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clearly be observed and that a clear difference in detection 
level could be determined between high and low copy numbers of 
a given HPV type. From the DNA of the CaSki cell line, which 
contains more than 500 copies of HPV-16 per cell, a HPV- 
5 specific PCR product was formed which after electrophoresis 
appeared as a strong, well visible band. By contrast, the HPV 
product of the cell line Siha with a low HPV copy number (1 to 
10 copies of HPV-16 per cell) appeared as a weak signal. 
Moreover, when Siha DNA was used as a target, a number of 

10 other bands were obtained as well, while the gel band pattern 
could hardly be distinguished from that of human placenta DNA 
or from that of a cervical smear which was negative for a 
broad range of HPVs . Identical results were found with the 
HPV-18 containing HeLa cell line (10 to 50 copies of HPV-18 

15 per cell) and C4-1 (1 to 5 copies of HPV-18 per cell), as well 
as with one of the cervical smears, a laryngeal papilloma 
(with a high concentration of HPV-6 DNA) and a hyperplasia 
(with a low concentration of HPV-6 DNA) . For cervical smears 
with HPV-33, HPV-11, HPV-16 and HPV-18 DNA, too, PCR products 

20 were found. After blotting and low-stringent hybridization 

with a DNA probe amplified by means of GP-5/GP-6, specific for 
HPV-16, all HPV-specific fragments of 140-150 bp could be 
detected without interference by the further bands . 

Also on the evidence of experiments not further described 

25 here, it could be established in summary that the PCR 

technique using as primers the general primer pairs GP-l/GP-2 
and GP-5/GP-6 proved capable of amplifying the cloned HPV 
types 6, 11, 13, 16, 18, 30, 31, 32, 33, 45 and 51. 

30 Diagnostic investigation 

To test the actual usefulness of the primers and the PCR 
based thereon, cervical smears from 196 women (aged 16-60 
years) with a broad spectrum of gynaecological complaints were 
investigated. First a smear for routine cytological 
35 investigation was made. The smears were classified according 
to a slightly modified Pap classification (Vooijs, 1987) . For 
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HPV detection, the residual material from the first scrape and 
from a second smear was placed in 5 ml phosphate-buffered 
saline (PBS) with 0.05% merthiolate . The smears were subjected 
to vigorous vortexing and the suspension was centrifuged for 
5 10 min at 3000 rpm. The cells were resuspended in 1.0 ml PBS, 
of which 0.5 ml was used for DNA extraction (Maniatis et al., 
1982) and HPV detection. 

Snap frozen tissues of 21 invasive cervical squamous cell 
carcinomas were serially sectioned on a cryostat . The first 
10 and last sections were hematoxylin-eosin stained and 

histologically analysed for the presence of neoplastic cells. 
DNA of the remaining sections was isolated according to 
standard procedures (Walboomers et al., 1988). 

15 HPV rietection 

HPV detection was performed on each sample according to 
three different PCR procedures, all based on the method of 
Saiki et al., 1988. The HPV general primer sets GP-l/GP-2 and 
GP-5/GP-6 described hereinabove were used in GP-PCRs on 

20 cervical smears and biopsies. A mixture of HPV 6, 11, 16, 18, 
33 specific "anti-contamination" primers, flanking the plasmid 
cloning sites to prevent amplification of possibly 
contaminating cloned HPV types (Van den Brule et al., 1989) 
was used for type-specific PCRs (TS-PCR) . For the recently 

25 sequenced HPV type 31, as specific cloning site flanking 
primers were used the oligonucleotides 
5 ' — ATGGTGATGTACACAACACC — 3 ' (HPV 31.1) and 
5 ' -GTAGTTGCAGGACAACTGAC-3 1 (HPV 31.2). All primers were 
synthesized on a Pharmacia LKB Gene Assembler Plus according 

30 to the methoxy-phosphoramidite method. 

The GP-PCRs were carried out in the manner described 
hereinabove. The HPV target sequences were amplified in 50 p.1 
reaction mixture, which contained 100-500 ng of the purified 
DNA, as well as 50 mM KC1, 10 mM Tris-HCl pH 8.3, 0.01% (w/v) 

35 gelatin, 200 \iM of each dNTP, 3 . 5 mM MgCl2, 1 unit of a 

thermostable DNA polymerase ( Thermus aquaticus . Cetus) and 
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50 pmol of one of the primer sets GP-l/GP-2 and GP-5/GP-6. To 
promote an efficient and reproducible amplification, a mixture 
of the components was made before the DNA was added. 

As described hereinabove, the mixture was overlaid with a 
5 few drops of paraffin oil (to prevent evaporation) and * 

incubated for 5 min at 95°C to denature the DNA, after which 
40 cycli of amplification were carried out by means of a PCR 
processor (Biomed) . Each cycle comprised a denaturation step 
of 1 min at 94°C, an annealing step of 2 min at 40°C and a 

10 chain elongation step of 1.5 min at 72°C. To ensure complete 
extension of the amplified DNA, each individual elongation 
step was increased by 1 sec and the final chain elongation 
step was prolonged for another 4 min. Finally, 10 \il of each 
reaction mixture was analysed by 1.5% agarose gel 

15 electrophoresis . 

The TS-PCRs were carried out in the same manner, except 
that 1-5 mM MgCl2/ 25 pmol of each primer and an annealing 
temperature of 55°C were used. 



20 Southern blot an alysis of PCR products 

The DNA was transferred from the gel to a nylon membrane 
(Biotrace, Gelman sciences, U.S.A.) by diffusion blotting 
overnight in 0.5 N NaOH, 1.5 M NaCl . Thereafter, the membrane 
was saturated with 2 x SSC. The TS-PCR products were analysed 

25 with HPV type-specific internal oligonucleotides as described 
by Van den Brule et al . , 1989. The analysis of the GP-PCR 
products was carried out with HPV type-specific PCR 
amplification products as probe. The GP-PCR specific 
amplification products of cloned HPV types 6, 11, 16, 18 and 

30 33 were electrophoretically separated in low melting agarose 
(BioRad, U.S.A.), excised from the gel and directly labelled 
by random primer labeling. 

The membranes were incubated for 2 h at 65°C in a 
prehybridization solution (0.5 M sodium phosphate, pH 7.4, 

35 7% SDS, 1 mM EDTA) . Hybridization was carried out at 55°C 

under low stringency conditions (T m -33°C) with [a- 32 P] dCTP 
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random primer labelled PCR products of HPV 6, 11, 16, 18 and 
33 for the detection of homologous HPV sequences in the manner 
as described hereinabove. Then washing was done at low 
stringency (T m -33°C) till 3 x SSC, 0.5% SDS at 55°C. Further, 
5 washing was done at high stringency (T m ) till 0.1 x SSC, 
0.1% SDS at 65°C to find the remaining HPV type-specific 
signals. Autoradiography was performed with Kodak Royal X-Omat 
film and intensifying screens overnight to 3 days. 

10 Dot blot analysis of PCR products 

Biotrace nylon membranes were used for dot blot analysis 
of GP-PCR samples which proved HPV positive after low- 
stringent hybridization but were no longer positive after 
stringent washing. To 40 ^1 of the PCR product, 20 ^1 of 0.75 N 

15 NaOH was added. After incubation for 5 min at 100°C and 

dilution with 60 [il of 0.25 x SSC, 12 ^1 of the sample was 
placed on the membrane. The dot blots were saturated with 
2 x SSC and hybridized in the manner described hereinabove 
under high stringency conditions (T m -23°C) with random primer 

20 labelled cloned HPV plasmids or the derived GP-PCR products. 
Then washing was done at high stringency (T m ) till 0.1 x SSC, 
0.1% SDS at 65°C. 

Results 

25 Genomic DNA of cytologically normal and dysplastic cells 

of cervical smears and of biopsies of cervical carcinomas was 
subjected to a PCR with GP El (primer pair GP-l/GP-2), GP LI 
(primer pair GP-5/GP-6) and TS primers. After electrophoresis 
on a 1.5% agarose gel and ethidium bromide staining (the 

30 different pictures obtained are not shown here) PCR products 
were detected b.:th for smears that were positive for one of 
the sequenced HPV types 6, 11, 16, 18 and 33, and for smears 
which contain as yet non-sequenced HPV genotypes and for HPV 
negative smears. The non HPV-specific cellular or viral PCR 

35 products are a result of the low-stringency conditions, 
employed to allow mismatches of 4 bases in the primer 
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annealing step. However, to confirm HPV specificity and 
increase the sensitivity, all PCR products* were subjected to 
Southern blot analysis. Under low-stringency hybridization 
conditions with labelled GP-PCR products, derived from the 
5 cloned HPV types 6, 11, 16, 18 and 33, of which the sequence 
is known, followed by low-stringency washing, both the 
sequenced and the non-sequenced HPV genotypes could be 
detected, while for the HPV negative samples no signals were 
detected anymore. After further washing under high-stringency 

10 conditions, only the PCR products of HPV 6, 11, 16, 18 and 33 
proved to be visible; the signals of HPV-specific products 
derived from homologous genotypes which were not in the probe 
mixture, proved to have disappeared. 

The above described specific HPV detection was confirmed 

15 by a TS-PCR and by further hybridization with internal 

oligonucleotide probes, as previously described by Van den 
Brule et al . , 1989. 

All GP-PCR positive samples which had to contain non- 
sequenced genital HPV genotypes on the basis of hybridization 

20 results, were further examined by dot blot analysis. As 

probes, cloned HPV types 1, 2, 8, 13, 30, 31, 32, 45 and 51 or 
their specific GP-PCR products were used. Some of these HPV 
types proved to be present in the cervical smears . 

Table C presents an overall view of the information which 

25 the GP-PCR provided about the occurrence of HPV types in the 
samples . 
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Number of HPV-positive samples 
GP-PCR 1 El-PCR Ll-PCR TS-PCR 2 

21/83 12/83 (14%) 

59/78 39/78 (50%) 

19/24 16/24 (67%) 

10/11 7/11 (64%) 

18/21 19/21 (91%) 

15 

1: results of the GP El-PCR and the GP Ll-PCR. 
2 : TS-PCR for HPV types 6, 11, 16, 18 and 33. 
3 : carcinoma in situ, as confirmed by histology. 
4 : biopsies; histological examination revealed the two HPV 
20 negative preparations did not contain any carcinoma cells. 

Table C shows that the TS-PCR found only 14% of the 
cytologically normal smears to be HPV positive, while the GP- 
PCR according to the invention reached 25%. In mild and severe 
25 dysplasia, HPV detection was increased from 50% to 80% and 

from 67% to 88%, respectively, through the use of the GP-PCR 
according to the invention. The use of GP El-PCR and GP Ll-PCR 
led to comparable percentages . 

30 Table D shows the distribution of the different HPV 

types . 



able C 



Cytology 



normal 
(Pap I-II) 
mild dysplasia 
(Pap Ilia) 
10 severe dysplasia 
(Pap Illb) 
CIS 3 
(Pap IV) 

cervical carcinomas 



21/83 (25%) 20/83 

62/78 (80%) 62/78 

21/24 (88%) 21/24 

10/11 (91%) 10/11 

19/21 (91%) 18/21 
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Table D 





HPV 






Number of 


HPV- 


positive 


samples 






Cytology 


pos . 




6 


11 


16 


18 


33 1 


,2,8 13 


30 


31 32 45 


51 


X 


Pap I-II 


21/83 


1 


1 




7 


2 


1 






4 - - 


1 


4 


Pap Ilia 


62/78 


3 


2 


1 


27 


4 


2 


- 1 


4 


8 - - 




10 


Pap I I lb 


21/24 


1 






10 


1 


4 




1 


2 - - 




2 


Pap IV 


10/11 








5 


1 


1 






1 - - 




2 


care . 


19/21 


2 






14 


3 















d 1 : double infections; for Pap I-II (1): HPV 6 and 11; for 
Pap Ilia (3) : HPV 6 and 33, HPV 16 and 33, and HPV 11 and 18; 
for Pap Illb (1) and carcinomas (2) : in each case HPV 16 and 
15 18; histological examination revealed that the two HPV- 

negative preparations did not contain any carcinoma cells . 
X: HPV X denotes a new, as yet unsequenced HPV genotype. 



In the cytologically normal smears (Pap I and II) approx. 

20 10% non-sequenced HPV types were found. In the abnormal 

smears, this percentage was up to 30%. In both groups HPV 16 
occurred most. The non-sequenced HPV types could be identified 
as HPV 13, HPV 30, HPV 31, HPV 45, HPV 51 and further as yet 
unknown HPV genotypes, designated here by HPV X. Carcinoma in 

25 situ-suspect smears also proved to contain non-sequenced types 
(30%) . In cervical carcinomas, however, only HPV 16 and 18 
were found; in this comparatively small group no unsequenced 
types were present . 

30 After preliminary studies in which comparatively small 

numbers of cervical smears were analysed, further study was 
performed into HPV prevalence in larger groups with the 
strategy referred to hereinabove (HPV-GP-PCR/TS-PCR) . 
Cytologically normal and abnormal cervical smears from 

35 asymptomatic women (n=1346) who participated in a triennial 
cytological screening for cervical cancer and from women 
(n=593) who visited the gynaecological clinic for various 



BNSDOCIO: <WO 91 10675A1 > 



WO 91/10675 



PCT/NL91/00009 



27 

complaints, were examined. In the symptom-free population the 
so-called oncogenic HPV types 16, 18, 31 and 33 were present 
in 1.5% of the cytologically normal smears, while the overall 
HPV prevalence was 3.5%. 
5 Significantly higher HPV prevalences of 7% (oncogenic 

HPVs) and 14% (total HPV) were found in cytologically normal 
cervical smears from the "gynaecological" patient population. 
It was found that 78% in this latter patient group with HPV 16 
and 18 positive smears had a history of cervical pathology, in 

10 other words, had been treated for premalignant cervical 
lesions. In smears of the cytological classes PAP Ilia, 
PAP Illb and PAP IV an overall HPV prevalence of 70%, 84% and 
100% was found. In all squamous cell carcinomas (n=50) HPV was 
demonstrated. The frequency of HPV 16 and 18 increased from 

15 41% in PAP Ilia to 94% in cervical carcinomas. Because a lower 
HPV prevalence was found in cytologically normal cervixes of 
women without a clinical-pathological history, these findings 
strongly indicate that HPV assessment in population screening 
for cervical cancer is an important tool for detecting women 

20 who are at risk of developing cervical cancer and prestages 
thereof . 
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CLAIMS 



1. A primer for use in a polymerase chain reaction (PCR) for 
amplifying DNA of genital human papillomavirus (HPV) 
genotypes , consisting of an oligonucleotide which comprises at 
the 3 f -end one of the following sequences : 

5 5 ' -TTTGTTACTGTGGTAGATAC-3 ? 
5 T -GAAAAATAAACTGTAAATCA-3 ' 
5 ' -TGGTACAATGGGCATATGAT-3 ' 
5 ' -AATGGCTTTTGGAATTTACA-3 ' 

or a sequence which is homologous to one of these four 
10 sequences as to at least 75% . 

2 . A primer for use in a polymerase chain reaction (PCR) for 
amplifying DNA of genital human papillomavirus (HPV) 
genotypes, consisting of an oligonucleotide which comprises at 
the 3 f -end one of the following sequences: 

15 5 ' -TTTGTTACTGTGGTAGATAC-3 1 
5 1 -GAAAAATAAACTGTAAATCA-3 ' 
5 1 -TGGTACAATGGGCATATGAT-3 1 
5 1 -AATGGCTTTTGGAATTTACA-3 ' 

or a sequence which is homologous to one of these four 
20 sequences as to at least 90% . 

3 . A primer for use in a polymerase chain reaction (PCR) for 
amplifying DNA of genital human papilloma virus (HPV) 
genotypes, consisting of an oligonucleotide of a length of 
20-40 nucleotides which comprises at the 3 1 -end one of the 

25 following sequences : 

5 T -TTTGTTACTGTGGTAGATAC-3 1 

5 ' -GAAAAATAAACTGTAAATCA-3 ' 

5 ' -TGGTACAATGGGCATATGAT-3 1 

5 1 -AATGGCTTTTGGAATTTACA-3 1 . 
30 4. A primer according to claim 3, consisting of one of the 

following oligonucleotides, 20 nucleotides in length: 
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5 ' -TTTGTTACTGTGGTAGATAC-3 1 (GPS) 
5 ' -GAAAAAT AAACTGTAAATC A- 3 ' ( GP 6 ) 

5 1 -TGGTACAATGGGCAT ATGAT- 3 1 ( GP 1 ) 

5 1 -AATGGCTTTTGGAATTTACA-3 ' ( GP 2 ) 

5 5. A primer according to claim 3, consisting of an 

oligonucleotide more than 20 nucleotides in length f which 
comprises at the 3 1 end one of the following sequences: 
5 ' -TTTGTTACTGTGGTAGATAC-3 ' 
5 1 -GAAAAATAAACTGTAAATC A- 3 1 
10 5 1 -TGGTACAATGGGCAT ATGAT- 3 ' 
5 * -AATGGCTTTTGGAATTTACA-3 1 

and at the 5 1 end one or more restriction-enzyme recognition- 
sequences . 

6. A primer according to claim 5, consisting of one of the 



15 


following oligonucleotides, 2 9 nucleotides 


in length 




5 ' 


-ACAGGATCCTTTGTTACTGTGGTAGATAC- 


3 ' 


(B- 


-GP5) 




5 • 


-ACAGGATCCGAAAAATAAACTGTAAATCA- 


■3 ' 


(B- 


-GP6) 




5 • 


-ACAGAATCCTTTGTTACTGTGGTAGATAC- 


•3 ' 


(E- 


-GP5) 




5 ' 


-ACAGAATCCGAAAAATAAACTGTAAATCA- 


■3 ' 


(E- 


-GP6) 


20 


5 ' 


-ACAAAGCTTTTTGTTACTGTGGTAGATAC- 


•3 • 


(H- 


-GP5) 




5 • 


-ACAAAGCTTGAAAAATAAACTGTAAATCA- 


■3 ' 


(H- 


-GP6) 




5 ■ 


-ACAGGATCCTGGTACAATGGGCATATGAT- 


■3 ■ 


(B- 


-GP1) 




5 • 


-ACAGGATCCAATGGCTTTTGGAATTTACA- 


■3 • 


(B- 


-GP2) 




5 • 


-ACAGAATCCTGGTACAATGGGCATATGAT- 


-3 • 


(E- 


-GP1) 


25 


5 ' 


-ACAGAATCCAATGGCTTTTGGAATTTACA- 


-3 ' 


(E- 


-GP2) 




5 ' 


-ACAAAGCTTTGGTACAATGGGCATATGAT- 


-3 ' 


(H- 


-GP1) 




5 ' 


-ACAAAGCTTAATGGCTTTTGGAATTTACA- 


-3 ' 


(H- 


-GP2) . 



7 . A primer pair for use in a polymerase chain reaction 
(PCR) for amplification of DNA of genital human papilloma 
30 virus (HPV) genotypes, consisting of a first oligonucleotide 
which at the 3 f end comprises the sequence 

5 ' -TTTGTTACTGTGGTAGATAC-3 1 , or a sequence which is homologous 
to this sequence as to at least 75%, and a second 
oligonucleotide which at the 3' end comprises the sequence 
3 5 5 1 -GAAAAATAAACTGTAAATCA-3 1 , or a sequence which is homologous 
to this sequence as to at least 75%, 
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or consisting of a first: oligonucleotide which at the 3 ! end 
comprises the sequence 

5 1 -TGGTACAATGGGCATATGAT-3 1 , or a sequence which is homologous 
to this sequence as to at least 75% , and a second 
5 oligonucleotide which at the 3 1 end comprises the sequence 

5 1 -AATGGCTTTTGGAATTTACA-3 1 , or a sequence which is homologous 
to this sequence as to at least 75%. 

8 . A primer pair for use in a polymerase chain reaction 
(PCR) for amplification of DNA of genital human papilloma 

10 virus (HPV) genotypes, consisting of a first oligonucleotide 
which at the 3 ' end comprises the sequence 

5 i -TTTGTTACTGTGGTAGATAC-3 1 , or a sequence which is homologous 
to this sequence as to at least 90%, and a second 
oligonucleotide which at the 3 ! end comprises the sequence 
15 5 1 -GAAAAATAAACTGTAAATCA-3 1 , or a sequence which is homologous 
to this sequence as to at least 90% , 

or consisting of a first oligonucleotide which at the 3 1 end 
comprises the sequence 

5 1 -TGGTACAATGGGCATATGAT-3 1 , or a sequence which is homologous 
20 to this sequence as to at least 90%, and a second 

oligonucleot ide which at the 3 1 end comprises the sequence 

5 1 -AATGGCTTTTGGAATTTACA-3 T , or a sequence which is homologous 

to this sequence as to at least 90%. 

9. A primer pair for use in a polymerase chain reaction 
25 (PCR) for amplification of DNA of genital human papilloma 

virus (HPV) genotypes, consisting of 

a first, 20-40 nucleotide-long oligonucleotide which at the 3 ! 
end comprises the sequence 5 1 -TTTGTTACTGTGGTAGATAC-3 f , and 
a second, 20-40 nucleotide-long oligonucleotide which at the 
3 0 3' end comprises the sequence 5 1 -GAAAAATAAACTGTAAATCA-3 1 , 
or consisting of 

a first, 20-40 nucleotide-long oligonucleotide which at the 3 f 
end comprises the sequence 5 1 -TGGTACAATGGGCATATGAT-3 ? , and 
a second, 20-40 nucleotide-long oligonucleotide which at the 
35 3 ! end comprises the sequence 5 1 -AATGGCTTTTGGAATTTACA-3 1 . 
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10. A primer pair according to claim 9, consisting either of 
the oligonucleotide pair 

5 T -TTTGTTACTGTGGTAGATAC— 3 ' (GPS) , and 

5 1 -GAAAAATAAACTGTAAATCA-3 ' (GP 6) 

5 or of the oligonucleotide pair 

5 1 -TGGTACAATGGGCATATGAT— 3 T (GP1) , and 

5 1 -AATGGCTTTTGGAATTTACA-3 1 (GP2 ) . 

11. A primer pair according to claim 9, in which each of the 
two oligonucleotides is more than 20 nucleotides long and 

10 comprises one or more restriction-enzyme recognition sequences 
at the 5 1 end. 

12. A primer pair according to claim 11, consisting of one of 
the following oligonucleotide pairs: 

5 1 -ACAGGATCCTTTGTTACTGTGGTAGATAC— 3 1 (B-GP5) , and 

15 5 ' -ACAGGATCCGAAAAATAAACTGTAAATCA-3 1 (B-GP 6) ; 

5 ' -ACAGAATCCTTTGTTACTGTGGTAGATAC-3 1 (E— GPS) „ and 

5 1 -ACAGAATCCGAAAAATAAACTGTAAATCA— 3 1 (E-GP 6) ; 

20 5 ' -ACAAAGCTTTTTGTTACTGTGGTAGATAC-3 T (H-GP5 ) , and 

5 1 - AC AAAGCTT G AAAAAT AAAC T GT AAATC A- 3 f (H-GP 6) ; 

5 1 -ACAGGATCCTGGTACAATGGGCATATGAT-3 1 (B-GP1) t and 

5 f -ACAGGATCCAATGGCTTTTGGAATTTACA-3 ' (B-GP 2 ) ; 

25 

5 ' -ACAGAATCCTGGTACAATGGGCATATGAT-3 1 (E-GP 1 ) , and 

5 1 -ACAGAATCCAATGGCTTTTGGAATTTACA-3 1 (E-GP 2 ) ; 

5 1 -ACAAAGCTTTGGTACAATGGGCATATGAT-3 1 ( H-GP 1 ) , and 

30 5 1 -AC AAAGCTT AATGGCTTTTGGAATTTACA-3 1 (H-GP 2 ) . 

13. A method of amplifying DNA of genital human papilloma 
virus (HPV) genotypes by means of a polymerase chain reaction 
(PCR) , wherein a primer pair according to any one of claims 
1-12 is used . 

35 14 . A method of analysing a sample, such as a cervical smear, 
for the presence therein of genital human papilloma virus 
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(H?V) genotypes by amplifying any DNA of a genital K?V present 
in the sample by means of a polymerase chain reaction (?CR) 
and subsequently detecting the same, wherein in the PCR a 
primer pair according to any one of claims 7-12 is used. 

15. A method according to claim 14, wherein during the primer 
annealing step a temperature of 30-50°C is used. 

16. A method according to claim 15, wherein during the primer 
annealing step a temperature of 35-45°C, preferably 38-42°C is 
used . 

17. A method according to any one of claims 14-16, wherein a 
Mg 2+ concentration of 2-10 mM is used. 

18. A method according to claim 17, wherei agnesium ion 
(Mg 2+ ) concentration of 2.5-5 mM, preferably 3.0-4.0 mM is 
used . 

15 19. A method according to any one of claims 14-18, wherein as 
sample the cell fraction of a cervical smear is used, after it 
has been subjected to a freezing and thawing treatment. 
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